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A Study of Localization with Material Properties
Using Numerical Method

D. S. Hwang, B. S. Lee, Y. S. Lee, S. J. Yoon and S. I. Hong

Abstract

Formation of Shear Band under the adiabatic condition is widely observed in the engineering materials
during rapidly forming process for a thermally rate-dependent material. The shear band stems from
evolution of a narrow region in which an intensive plastic flow occurs. The shear band often plays a
role of a precursor of the ductile fracture during a forming process. The objective of this study is to
investigate the localization behavior using numerical method. In this work, the implicit finite difference
scheme is employed due to the ease of convergence and the numerical stability. It is noted that physical
and mechanical properties of materials determine how the shear band is formed and then localized.
Material properties can be characterized with inertia number, dissipation number and diffusion number. It
is observed that the dimensionless numbers effect on localization. Using a parametric study, comparison
was made between CRS-1018 steel with WHA (tungsten heavy alloy). The deformation behavior of
material in this study include an isotropic hardening as well as thermal softening. Moreover, this study
suggests that a kinematic hardening constitutive relation be required to predict a more accurate strain

level at a shear band.

Key Words : Adiabatic Shear Band, Localization, Implicit Finite Difference Method (FDM), Kinematic
Hardening
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Fig. 1 Schematic representation of one-dimensional
simple shear loading

LY Vv
i \ .
W///////////////Jﬂ_

.

l Shear Band

!

V/////////////////////..////////%/#/// T -

(a) homogeneous (b) inhomogeneous

Fig. 2 Schematic representation of shear band kinematic
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Table 1 Material properties of CRS-1018 steel

and WHA
I Steel WHA
Thermal o o
conductivity 54 W/(m °K) 75 W/ (m °K)
Mass density | 7800 kg/m® | 17140 kg/m®
Specific heat 50 J/kg °K) | 139 J/kkg K
Flow stress 436 MPa 900 MPa
Shear Elastic .
Modulus 81 GPa 134 GPa

Table 2 Dimensionless coefficient of CRS-1018
steel and WHA

T Steel WHA
inertia number 0.000118 0.000119
dissipation number 0.334 1.1333
diffusion number 0.002214 0.0050368
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